The blood picture in the guinea-pig in acute and chronic scurvy McCraw, 1956 ). Some workers claimed that the anaemia in human subjects could be corrected by the administration of vitamin C (Jennings & Glazebrook, 1938 ; Vilter & Woolford, 1945; Vilter et al. 1946 ; Bronte-Stewart, 1953 ; Israels, Thus, although much work has been carried out on this subject the position is still obscure. It seems possible that the divergent results reported in the past have been the result of varying experimental conditions. I n many of the experiments reported, both with human subjects and with guinea-pigs, nutritional deficiencies other than of vitamin C appear to have been present. An examination of the diets, the age of the experimental animals, the time taken for scurvy to develop, and, when human beings were used, the often unavoidably unsatisfactory type of subject, seems to support this view.
Crandon et al. (1940) , who carried out a carefully controlled experiment on a human subject, found that in spite of frequent withdrawals of blood for examination, involving a total loss of 6000 ml throughout the experiment, no sign of anaemia was apparent after 6 months on a scorbutogenic diet. Bartley et al. (1953) reported that human volunteers, after 8 months on a scorbutogenic diet, with definite signs of vitamin C deficiency, had normal haemoglobin levels and red-cell counts. These two experiments are among the few where carefully controlled vitamin C deficiency has been produced in the human subject.
I n many guinea-pig experiments the diets used have been unsatisfactory, either because of their deficiency in various growth factors, or because of the possible presence of vitamin C. When a satisfactory semi-synthetic diet for guinea-pigs (Reid & Briggs, 1953) became available, a re-examination of the blood picture in guinea-pig scurvy seemed likely to prove of value in solving the problem of the connexion (if any) between anaemia and scurvy. The present paper describes such an investigation.
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(2) Does the age of the animal, or the time taken for scurvy to develop, influence (3) What happens to the blood picture in chronic scurvy (partial deficiency of (4) Do changes in blood volume occur in scurvy?
The lay-out of the experiments is shown in Table 2 .
the degree of anaemia? vitamin C)? 11 Supplements were given to all animals twice weekly, as follows: vitamin E (a-tocopheryl acetate), 5 % (w/w) in arachis oil, two drops; halibut-liver oil, two drops; vitamin K (menaphthone), 5 yo (w/w) in arachis oil, two drops. In the first three experiments, guinea-pigs of 300 g body-weight, kept on a diet completely free from vitamin C, were compared (I) with a group of positive controls kept on an exactly similar diet but with 0.2% of ascorbic acid added, and (a) with another group of controls receiving this second diet, but with their food intake restricted to that eaten by the first group (pair-fed controls). The animals in the deficient groups were killed for haematological examination when their food intake had fallen to almost nothing, and when their body-weights indicated that they could be expected to die in I or 2 days. Individual animals in the control and pair-fed groups were linked with corresponding animals in the deficient group, and killed on corresponding days.
Expt 4 repeated the conditions of Expts I, 2 and 3, with the one exception that older guinea-pigs (500-600 g) were used. It has been suggested (Desmarais & McCraw, 1956 ) that young guinea-pigs are more prone to infection during the development of scurvy than are half-grown animals of about 5oog body-weight, and that death occurs in them before the anaemia has had time to develop.
In Expt 5 the guinea-pigs were kept on controlled intakes of ascorbic acid for fairly long periods, and then killed. The levels of ascorbic-acid intake were 0-4 mglanimal daily (suboptimal) and 6.4 mg/animal daily (fully adequate). Expt 6 was similar to Expts I, 2 and 3 with the exception that reticulocyte counts and blood volumes were determined.
R E S U L T S
Fig. I shows typical growth curves for groups of deficient, pair-fed and 'ad lib.' animals. For the first 10 days, the growth was the same in all groups, but after this time the animals on the diet without ascorbic acid lost weight and died after a further 10-12 days. The pair-fed group lost weight at a much slower rate. The animals receiving the diet ad lib. showed a continuous gain in weight, averaging 6.5 g/day, and after 20-22 days on experiment were about twice the weight of those in the deficient group.
In Table 3 a comparison of the blood picture of deficient, pair-fed and 'ad lib.' a-month-old guinea-pigs, from the first three experiments, is given. There was no significant difference between the deficient and 'ad lib. ' animals. An increase in the P.c.v., Hb and R.B.C.C. was observed in the pair-fed groups. Table 4 gives the results of Expt 4. As in the experiments with younger guinea-pigs, the deficient and 'ad lib.' groups showed no statistical difference in P.c.v., Hb or R.B.C.C. The values for the pair-fed group were only slightly higher in this experiment.
In Table 5 the results are given of Expt 5. I n this experiment the group receiving 0.4 mg ascorbic acid daily developed chronic scurvy, and increases in P.c.v., Hb and R.B.C.C. were noted. These increases in the chronic-scurvy group were very similar to those in the pair-fed groups (Table 3) . Table 6 gives details of another experiment with 2-month-old guinea-pigs. There was no change in the P.c.v., H b or R.B.C.C. (as was likewise noted in Table 3 ), but in this experiment reticulocyte counts were made and the blood volumes determined.
An increase of about 400% in the reticulocytes was found in the deficient group. Mean value with its standard error.
M.c.H.c.,
mean corpuscular haemoglobin concentration.
at https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19600035
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A decrease of about 21 yo in the total blood volume, and an increase of 39 % in the blood volume per loo g body-weight, were also noted in this group.
In Table 7 a comparison is given of the total circulating Hb, P.C.V. and R.B.C.C.
between the deficient and control groups. When expressed per loo g body-weight the values were higher in the deficient group, but when expressed as total per animal those of the control group were significantly higher.
During the experiments all guinea-pigs in groups deficient in vitamin C developed extensive haemorrhages in the tissues round the knee joints. 
Vitamin C deficiency without anaemia
Anaemia has been defined as 'a reduction below normal in the number of red corpuscles per cmm., the quantity of haemoglobin, and the volume of packed red cells per IOO cc. of blood ' (Wintrobe, 1946) . Judged by this definition, these experiments have shown that guinea-pigs do not develop anaemia when fed on a diet deficient in ascorbic acid but containing adequate quantities of other vitamins and nutrients. In guinea-pigs completely deprived of ascorbic acid for 2-22 days, the P.c.v., R.B.C.C. and Hb concentration were not significantly different from those of normal controls.
It may be noted that the guinea-pigs were kept on the scurvy-producing diet for only 20-22 days, and were presumably not showing signs of vitamin C deficiency until half-way through this period, when the loss of body-weight began. If it is assumed that the life-span of the guinea-pig erythrocyte is 83 days, as suggested by Everett & Yoffey (1959) , it is perhaps not surprising that no notable changes in the blood picture occurred within this short period. Nevertheless, it does seem significant that any loss of haemoglobin and erythrocytes, from the haemorrhages that were invariably present by the end of the experiment in the deficient guinea-pigs, appears to have been made good.
An increase was noted in the blood volume per unit body-weight in the scorbutic animals when compared with normal controls of the same age. However, there was no difference when the comparison was with normal animals of the same weight, the percentage blood volume being higher in smaller animals (Constable, unpublished) . Although the concentration of Hb, P.C.V. and R.B.C.C. in the blood were unchanged, the total amounts per animal were significantly decreased in the deficient guinea-pigs (Table 7 ).
An increase in the number of reticulocytes of up to 400% was observed in the vitamin C-deficient animals. The reason for the increase might be a shortened life-span of the erythrocyte, but the most likely explanation may be that the chronic haemorrhages which occurred in the animals were stimulating an increased blood production. 'In anaemia due to acute blood loss an orderly rise of reticulocytes occurs in the circulating blood ' (Minot & Castle, 1935) .
Vol. 14 Blood picture in scurvy 267 from avitaminosis showed no anaemia. On the contrary, if anything, there were slight increases in P.c.v., R.B.C.C. and Hb levels, similar to those that occurred in the pair-fed controls to the 'completely deficient' group. As the duration of this experiment was 100 days, which is longer than the life-span of the erythrocyte (Everett & Yoffey, 1959), it may now be regarded as established that hypovitaminosis C at any rate does not produce anaemia in the guinea-pig. The animals restricted to the suboptimal intake of vitamin C gained very little weight throughout the experiment, and the small increase in R.B.c.c., P.C.V. and H b may perhaps be related to a lowered food intake, as these changes were found to occur also in the pair-fed controls to the deficient ('avitaminosis') group.
Import of other factors
Failure to find anaemia in scorbutic guinea-pigs is surprising in view of the many reports (Mettier & Chew, 1932 ; Aron, 1939; Sigal, 1939 ; Desmarais & McCraw, 1956 ) that anaemia does occur. The experiments described in this paper have differed, however, from those of most other workers in that the scorbutogenic diet contained adequate amounts of other known vitamins, minerals and other nutrients (apart from ascorbic acid). It is possible that the diets used by other workers contained marginal amounts of nutrients essential for erythropoiesis, and that the scorbutic state may have produced a conditioned deficiency of one or more of these factors. The view expressed by Desmarais & McCraw (1956) , that the age of the animal was important in determining whether or not anaemia developed, could not be confirmed: in contrast to their results, no anaemia was found in half-grown animals. Further work is obviously needed to establish whether some combination of other factors may be necessary for the production of anaemia in scurvy. In this connexion, the apparent interrelations between folic, folinic, ascorbic and dehydroascorbic acids may be borne in mind.
